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Design and Analysis of Variable Stiffness Joint for Railway Vehicles
Using Magneto-Rheological Elastomer
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The magnetorheological material changes its characteristics according to the external magnetic field. Magnetorheological
elastomer existing in the solid phase has micrometer-sized magnetically responsive particles inside. When a magnetic field
is applied by a permanent magnet or electromagnet nearby, it can exhibit stiffness that changes according to the strength
of the magnetic field. Many previous studies focused on verifying the variability of the material's characteristics. However,
this study newly proposed a variable stiffness joint for the suspension system of railway vehicles using a
magnetorheological elastomer, as a basic study of magnetorheological elastomer for a mechanical component. Based on
the characteristics test of the magnetorheological elastomer, the variable joint was designed to have the same structure as
the conventional guide arm joint of a railway vehicle. Particularly, to overcome the low magnetic field strength, which may
be a problem in the previous research, and to implement uniform magnetic field distribution, the electromagnet was
designed to make direct contact with the magnetorheological elastomer. A mathematical model was established and a finite
element method verified the model, resulting in an average magnetic flux density of 300 mT, which means 30% stiffness

change at 15% shear strain.
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Fig. 2 Stress-Strain curve of MRE specimen under different
intensity of magnetic field

Table 1 Variation of shear stiffness of MRE under different intensity
of magnetic field

300 mT 500 mT
15% Shear strain 31.6% 53.1%
40% Shear strain 17.2% 24.9%
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Fig. 3 (a) Typical Primary suspension of bogie and (b) A joint
integrated with a link arm for primary suspension? (Adapted
from Ref. 23 on the basis of OA)
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Fig. 4 Structure of variable stiffness joint using MRE, (a) Isometric
view of the joint, (b) 3/4 Sectional view of the joint and (c)
One assembly of bobbin-coil-housing, i.e. a quarter of the

joint
zeE9h FASA WIFY WS s Yov), Gt 4
B4l o3 kAT Uio] F4% Abolol MREZ} ARIEIT),

MRE= 7]&E 7to|=9F 2QIES] HADR edAet 593 o
B F4= 7HAH, ol ket o Ao uid ESH
£ w2t AR FEE e W S45Y Sl
5l EHlo] 9} lszE} A8 F4e] MREo| £7
Fgog Hulo] oHe i 3
HES

aBgste] AL, F e e Bl wjHHT
[e)

ol
r*°

fr
K
e we 4N

S
H1
fu

ox
o
&
>
__);1:
i
|o
Hﬂo
X
F
i)
x
(o3
1
S
fa
r
4o ot
i
rﬁ: il chJ J
ml
— & R
rfw

33XV =&

Atollls F=ofal Fu) el A A7]fi avke] Sdieh

3 713 Aol ek 2ol MREZL 9715 Hefe] 29l

—‘%Oﬂ*ﬂ dFHE wep dgo s HHil%E}. Al A 0o) A]

HBoful MREZ HjX|S A, A7|AS H&ES =
ou Ao RVIRN EL WS nRel ast

L. B gwmh A7) Hiol FaIshe MRES| 0%

L do M

Fig. 5 Analysis model for magnetic field calculation

Table 2 Calculation results of magnetic field with respect to current
and number of coil turns of MRE

Average Average
Current x turns  Magnetic flux ~ magnetic flux ~ magnetic flux
[A-turns] [x10° Wb]  density at bobbin density at MRE

[mT] [mT]

67.5 2.092 1,231 232

135 2.528 1,488 281

270 2.848 1,676 316

540 3.088 1,817 343

855 3.218 1,894 357
1,170 3.296 1,940 366
1,485 3.351 1,972 372
1,800 3.393 1,997 377
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Table 3 Electric characteristics of MRE according to coil wire

diameter
d[mm] nfturns] i[A] R[Q] VI[V] P[W] A- htleS]
0.4 1,085 137  35.18 532 65.9 1,485
0.5 700 212 1452 358 65.4 1,485
0.6 460 323 6.63 264 69.1 1,485
0.7 340 437 3.60 207 68.7 1,485
0.8 255 582 209 171 70.7 1,485

200 (mm)

Fig. 6 FEM analysis model of variable stiffness joint

— Cuwrrent (Clockwise) —=Current (Counterclockwise) —+Magnetic flux

Fig. 7 Method to current drive electromagnets for MRE
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Table 4 Results of FEM analysis of variable stiffness joint

Average magnetic flux
Current X turns g &

Average magnetic flux density

Maximum magnetic flux Maximum magnetic flux

[A-turns] density at MRE at center rod density at center rod density at outer yoke
[mT] [mT] [mT] [mT]
540 239 65 650 1,386
855 293 86 971 1,525
1,170 300 86 904 1,584
1,485 310 89 945 1,638
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